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A Software Demonstration of ‘rap’: Preparing
CAD Geometries for Overlapping Grid
Generation

N. AndersPetersson

Centerfor AppliedScienti£cComputing,
LawrenceLivermoreNationalLaboratory,
Livermore,California,94551USA.
andersp@llnl.gov

Abstract

We demonstratethe applicationcoderap which is part of the Overture library.
A CAD geometryimportedfrom anIGES£le is £rstcleanedupandsimpli£edto
suit theneedsof meshgeneration.Thereafter, thetopologyof themodelis com-
putedanda water-tight surfacetriangulationis createdon theCAD surface.This
triangulationis usedto speedup the projectionof pointsonto the CAD surface
during thegenerationof overlappingsurfacegrids. Fromeachsurfacegrid, vol-
umegridsaregrown into thedomainusingahyperbolicmarchingprocedure.The
£nalstepis to £ll any remainingpartsof theinteriorwith backgroundmeshes.

Introduction

Wepresentthesoftwaretool rap for preparinggeometriesfor meshgenerationand
for creatingoverlappingmeshes.The geometriesareobtainedfrom IGES £les
translatedfrom the internal representationof a ComputerAided Design(CAD)
package.Preparationof thesegeometriesincludesidenti£cationandcorrectionof
translationerrorsaswell asthe removal of detailsregardedunnecessaryfor the
intendedanalysis.A geometryis consideredreadyfor meshgenerationwhenit
describesawatertight,consistentdescriptionof themodeledobject.Ourapproach
consistsof a collectionof errordetectionutilities in combinationwith aninterac-
tive interfacefor alteringthegeometry. Oncethegeometryhasbeenprepared,we
grow a setof overlappingsurfacegrids startingfrom edgesor featurecurveson
the geometry. Figure1 depictsthe overlappingsurfacegrids over part of an en-
ginemanifold. Thethree-dimensionalcomputationaldomainis £lled by growing
volumegridsstartingfrom thesurfacegrids,andany remainingvoid is £lledwith
simple(Cartesian)backgroundgrids.



Figure1: CAD geometryandoverlappingsurfacegridsonanenginemanifold

Generatingthe surfacemeshesrequiresfast and accurateevaluationof the
underlyingsurface.If theCAD representationcontainserrors,themeshgenerator
will not only re¤ecttheseerrors,but in many caseswill likely fail to generate
meshesat all. While the tools aredevelopedwithin the Overture overlapping
grid framework, they aregeneralenoughto beusefulfor avarietyof applications.
In particular, they arealsocurrentlybeingusedto generateembeddedboundary
(Cartesian)grids, wherethe surfacescut throughthe computationalgrid in an
arbitrarymanner. The goal of our work is to provide a robust geometrymodel
andef£cientsupportingsoftwarefor meshgeneration,to beusedbothduringpre-
processingandfor moving bodyandadaptive meshsimulations.

Researchershave proposedseveralapproachesto preparingCAD modelsfor
grid generation.Somehave suggestedgenericmeansto representthegeometry,
sometimesinterfacingdirectlywith theCAD packagesthemselves[11, 5]. Others
attemptto dealwith therepresentationsprovidedby neutral£le formatsgenerated
by CAD software[10, 1, 6]. Thecurrentwork falls into the lattercategory since
wedesireto eliminatethedependenceonproprietarysoftwareandto reducemem-
ory requirementsenablingtheCAD modelto be in memoryduringa moving or
adaptivemeshre£nementcomputation.While muchwork hasbeenaccomplished
to automaticallycorrectmany problemsencounteredwith these£les [10, 1, 6],
we still £nd many signi£cantgeometricde£cienciesthat requireuserinput for
resolution.

In our work thegeometryis describedasa boundary-representation(B-REP)
consistingof a network of surfacepatches.Currently, the surfacesareimported



usingtheIGESformat.Thequalityof thegeometrydescriptionin these£lesvary
widely dependingon their source.Errorsspantherangeof simpleproblemssuch
asslightmismatchesbetweenneighboringsurfacepatches,intermediateproblems
suchastrim-curvesthatdonotcloseonthemselves,to grossgeometryerrorssuch
aswarpedor missingsurfacepatches.

Oneclassof geometryerrors,that is straightforward to detect,arisesfrom
problemswith trimming curves.Most trimming curve problemsareeasilyunder-
stoodoncethecurvesareinspected,andweprovideauserinterfacefor correcting
theseproblems.Anotherneedfor userinterventionariseswhenmakingmesheson
aCAD modelintendedfor production.Heremodelsoftencontainpartsirrelevant
for theanalysisandhave moredetail thanis feasibleto resolve on a mesh.Fur-
thermore,modelscansometimesbe divided alongsymmetryplanesto decrease
theoverall sizeof theproblem,or to guaranteeaperfectlysymmetricmesh.

During the £nal stageof geometrypreparation,the topology is determined
anda global triangulationis createdon the correctednetwork of surfaces.Hen-
shaw [4] hasdevelopedanedgematchingalgorithmwithin Overture to perform
thesesteps.Theedgematchingalgorithmhasalsobeenproven to bea valuable
tool for detectingany remaininggaps,overlaps,or irregularsurfacesin themodel.

Boundary representation

We representCAD geometriesasa patchwork of surfaces,referredto asa com-
positesurface.A compositesurfaceconsistsof severalcomponentsurfaces;com-
ponentsurfacesarerepresentedwith differentshadesin Figure1. Eachcomponent
surfaceis describedasamappingfrom theunit squarein R

�
(theparameterplane)

to thephysicalspacein R
�
. Complex geometriesoftencontaintrimmedsurfaces

in their compositesurface. Trimmedsurfacesarecomprisedof parametricsur-
facesdivided into “active” and“inactive” regionsusingcurvesin the parameter
plane,as illustratedin Figure2. Active piecesof the surfacebelongto the ge-
ometrydescription,while inactive regionsshouldbeignored.Active andinactive
regions are maintainedby the orientationsof the trim curves in the parameter
plane.

Trim curves are given a parametricrepresentation,������� �
	�� , �� 	 ��
, where ��� �
�������

are coordinatesin the parameterplaneof the underlying
surface. Thesecurves are representedusing Non-Uniform RationalB-Splines
(NURBS) [9]. Eachof the trim curves curves may be assembledby joining a
numberof curvesinto onecontinuouscurve, seePetersson& Chand[8] for de-
tails.
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Figure 2: The trimming of a parametricsurfaceusing curves in the parameter
plane

Preparing the geometry for grid generation

Someexamplesof commontrimming curve errorsareshown in Figure3. Trim
curvesaremanipulatedin the parameterplaneto avoid dif£cultiesdealingwith
surfacesingularitiesandextremelynarrow surfaces,wheredifferentpartsof the
trim curve otherwisecouldbeplottedvery closelytogether. Themostimportant
toolsfor editingtrim curvesin rap are:

� Hide andshow sub-curves. Hiddensub-curvesarenot consideredduring
theassemblyof thetrim curve.

� Joinendpointsof sub-curveswith a line segment.

� Split asub-curve into two pieces.

� Move the endpointof a sub-curve. If the new endpointprojectsonto the
existing sub-curve, thesub-curve is £rstsplit andtheremainingpartof the
sub-curve is discarded.Otherwise,thelastcontrolpoint is simplymovedto
thenew endpoint.

� Truncateor extendtwo sub-curvesto their intersection.

� Automaticassemblyof sub-curvesinto acontinuous,periodictrim curve.



Figure3: Examplesof errorsin trimming curves. Thedifferentcolorsrepresent
sub-curvesandtheblacksquaresshow theendpointsof thesub-curves.

� Creationand deletionof completetrim curves. New trim curves can be
createdby projectingedgesof othersurfacesonto the trimmedsurface,or
by asurface-surfaceintersection.

CAD geometriesoftencontainmoredetailsthanarenecessaryor practicalfor
a simulation. In thecurrentwork, unwanteddetailsmayberemovedby deleting
the surfacesthat representthe unnecessaryfeature. Any holesthat werepart of
thedetailcanberemovedby deletingtrim curvesde£ningthehole,or by adding
new surfacescovering thehole. For example,the junctionbetweenthemanifold
andthe valve in Figure4 wassimpli£edby removing somepatchesaroundthe
junction,extendingthevalvestem,andre-trimmingthesurfaceson themanifold.
Note that this modi£cationis relatively large comparedto the sizeof the model
andwould thereforebehardto automatecompletely.

Calculating the surface connectivity

Theconnectivity betweenthesurfacepatchesin aCAD geometryis not speci£ed
in theIGES£les,soit mustbedeterminedbeforeasurfacemeshcanbegenerated
acrosspatchboundaries.To determinetheconnectivity, weuseanedgematching
algorithm[4], whichattemptsto matcheachboundaryedgewith aboundaryedge
from a neighboringpatch. The algorithmbegins by building three-dimensional
NURBScurvesontheboundariesof all surfacepatchesby mappingall sub-curves



Figure4: Removing unwanteddetailsandsimplifying theenginegeometry.

in thetrimmingcurvesto R
�

(thetrimmingcurvesarede£nedin parameterspace).
It thenattemptsto identify whereanboundaryedgefrom onepatchmatchesthe
boundaryedgeof aneighboringpatch.To accomplishthis, it is usuallynecessary
to split theboundaryedgeat appropriatelocations.Whentheclosestneighboring
boundaryedgeis within a toleranceof the original boundaryedge,we declare
that theedgeshave beenmergedandchooseoneof theboundaryedgesto bethe
masteredge.Thereafter, themasteredgede£nestheboundarysegmentfor both
patches.In this way, we effectively remove any gapsor overlapspresentin the
original representation.

If therearemissingor duplicatedsurfacepatchesin the model, the connec-
tivity algorithmwill fail to £ndmatchingboundaryedgesfor thosepatches.The
algorithmwill alsofail if thegapor overlapbetweenneighboringpatchesexceeds
the tolerancethreshold.Hence,the connectivity algorithmservesasan ef£cient
detectorof any remainingirregularitiesin themodel. For example,considerthe
detailof theenginemanifoldin Figure5.

Hyperbolic grid generation

After all boundaryedgeshave beenmatched,themodelis triangulatedsuchthat
eachtrianglebelongsto exactly onesurfacepatch,seeHenshaw [4] for details.
Thetriangulationis thereforewell suitedto provideaninitial guessfor projecting
pointsontotheCAD surfaceduringthesurfacegrid generation.An exampleof a
triangulationis shown in Figure6.

Thetriangulationalsoformsthebasisfor thegenerationof embeddedbound-
ary (Cartesian)grids. Herethe triangulationis usedto remove grid cellsoutside
of thedomain,andto calculatevolumefractionsfor thecells thatareintersected
by thetriangulation.Detailsof thisapproachwill bereportedelsewhere.

Surfacegrids are generatedon the geometrystarting from edgeor feature



(a) (b)
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Figure5: The edgematchingalgorithmcolorsmatchededgesin greenandun-
matchededgesin blue(a). Thealgorithmdetectedtwo problemareas,shown as
bluedotsin (b). A closeupneartheleft dot revealedthebluewarpedsurface(c).
Thewarpedpartof thesurfacewasremoved,anda new patchwasbuild to cover
thehole(d).



Figure6: A triangulationof thegeometryin Figure4.

curveson the surface,seeFigure7. The startingcurve forms the £rst grid line,
which is marchedalongthesurfaceusinga hyperbolicgrid generationalgorithm,
seeChanandBuning [2]. To ensurethat thegrid resideson theCAD geometry,
eachnew grid line is projectedbackontothesurface.An exampleof a complete
overlappingsurfacegrid is shown in Figure7.

A similarprocedureis usedto generatevolumegrids.Herethegrid generation
startsfrom a surfacegrid, and proceedsby marchingit into the computational
domainusing a hyperbolic volume grid generationalgorithm. When grids are
grown outfrom acornerin thegeometrywecanoptionallyprojectsomegrid lines
ontothegeometryduringthemarchingprocedure.In this way, a volumegrid can
have up to threefacesthat resideon the geometry. The volumegrid generation
is repeatedfor all the surfacegrids in the model. Any voids that remainin the
computationaldomainare£lledwith simple,oftenCartesian,backgroundgrids.

The £nal step in the overlappinggrid processis to connectall component
grids. This can, for instance,be accomplishedby the automaticalgorithmsin
xCog/Chalmesh [7] or ogen [3]. Our work will be madeavailablethroughthe
next releaseof the Overture software, whosecurrentreleasemay be found at
http://www.llnl.gov/casc/Overture.
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Figure7: A surfacegrid is grown from theedgecurvemarkedwith greenandred
diamonds(left). A completeoverlappingsurfacegrid for themanifoldpartof the
geometryin Figure4 (right).
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